The ability to learn, store, and retrieve information about relationships is impaired in schizophrenia. Here, we tested 38 control and 61 schizophrenia subjects for their ability to identify the novel pairing of stimuli, based on associations learned during training. Subjects were trained on 3 sets of paired associates: 30 face-house pairs (H-F1), 30 facehouse pairs (H-F2, same house with new face), and 30 face-face pairs (F3-F4). After training, participants were tested on the 3 explicitly trained pair types, as well as 30 new face-face pairs (F1-F2), which could only be linked together via the same house during the H-F1/H-F2 training blocks. Of 99 subjects tested, 37 patients with schizophrenia and 36 age-matched healthy control subjects learned the premise pairs and performed the relational memory test. Healthy control subjects were significantly more accurate in identifying the inferential (F1-F2) pairs than the noninferential (F3-F4) pairs. In contrast, schizophrenia patients were equally accurate on inferential and noninferential pairs, providing evidence for a relational memory deficit in schizophrenia. However, the current version of the associative inference paradigm, suggested by the Cognitive Neuroscience Treatment Research to Improve Cognition in Schizophrenia initiative, has limited feasibility, calling into question the generalizability of the findings for the larger schizophrenia population.
Introduction
Cognitive impairment is a core feature of schizophrenia. [1] [2] [3] It is present at the onset of illness, remains persistent throughout the patient's lifespan, and predicts social functioning. [4] [5] [6] [7] [8] Meta-analyses have documented large effect sizes for verbal learning and memory. 1, 9, 10 Within the domain of memory, recent studies have pointed to a specific deficit of relational memory in schizophrenia. [11] [12] [13] [14] [15] [16] This provides the opportunity for more translational studies of cognitive impairment in schizophrenia because the neural circuitry and cellular mechanisms of relational memory have been elucidated in rodent and nonhuman primate studies. 17, 18 Relational memory provides the ability to remember names with faces, the locations of various objects or people, and the order in which various events occurred. 19 This is in contrast to item-specific memory, ie, the memory for the individual elements of a scene or episode. 20 Behavioral and neuroimaging studies support the view that relational and item-specific memory depend upon distinct encoding and retrieval operations within the medial temporal lobe, prefrontal cortex, posterior parietal cortex, and midbrain regions. 15, [21] [22] [23] [24] [25] [26] [27] [28] [29] For example, within the medial temporal lobe, relational memory formation is supported by the hippocampus and item-specific memory formation by the perirhinal and parahippocampal cortices. 20, 30, 31 Here, we employed the associative inference paradigm (AIP), which was suggested by the Cognitive Neuroscience Treatment Research to Improve Cognition in Schizophrenia (CNTRICS) initiative for the study of relational memory in schizophrenia. 32 The CNTRICS battery of tasks was chosen from the cognitive neuroscience literature, with the goal to inform the development of treatment targets in patients with schizophrenia. 33 Several conceptual and practical challenges arise when translating cognitive neuroscience paradigms for use in schizophrenia patients. 34 First, paradigms should distinguish specific from generalized deficits, eg, those due to sedation from medications, decreased motivation, inattentiveness, and poor test taking strategies. Second, the paradigm must be sensitive enough to detect individual and group differences in clinical populations. Finally, the paradigm should be associated with a meaningful outcome in patients, eg, social functioning. 35 These conditions appeared to be met for the AIP, which led the CNTRICS investigators to include it in their recommended battery of tests. 33 Given the previous evidence that relational memory is impaired in schizophrenia, we hypothesized that schizophrenia patients would be impaired during the recognition of previously learned paired associates and would not benefit from the relational binding of previously learned items, which healthy control subjects can employ to improve their recognition accuracy.
Methods

Subjects
We recruited 68 patients with a diagnosis of schizophrenia or schizoaffective disorder and 43 healthy control subjects. The study protocol was approved by the Vanderbilt University Institutional Review Board. Patients were recruited both from Vanderbilt Psychiatric Hospital and from outpatient clinics in the community. Healthy control subjects were recruited by advertisements from the community. Written informed consent was acquired from all subjects after a detailed explanation of the study procedures, and all subjects were paid for their participation. All subjects were assessed by a trained rater using the Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition 36 and were administered the screen for cognitive impairment in psychiatry (SCIP), 37 a brief neuropsychological battery.
Only subjects without a history of significant head injury, major medical or neurological illness, or current alcohol or other substance abuse within the past 3 months were included in the study. Healthy control subjects had no Axis I psychiatric disorder and no history of any major neurological or medical illness, substance abuse, or psychotropic medication use. Twelve subjects were excluded prior to analysis due to computer malfunction (2 patients and 2 control subjects), diagnostic uncertainty (4 patients), and failure to follow task directions (1 patient and 3 control subjects). This left a sample of 38 patients with schizophrenia, 23 patients with schizoaffective disorder, and 38 healthy control subjects. A senior clinician (S.H.) confirmed all psychiatric diagnoses through patient interview, review of all structured interviews, and available hospital records.
Twenty-six subjects were not included in the analysis of the associate inference test because they did not attain the training criterion for the premise pairs, set a priori at 80% accuracy (24 patients and 2 control subjects). The remaining 37 patients (21 with schizophrenia and 16 with schizoaffective disorder) and 36 control subjects were age matched and gender matched and did not differ in parental education (table 1) .
Demographic, clinical, and cognitive characteristics of the sample are presented in table 1. The schizophrenia patients were chronically ill (mean duration of illness: 17.61 6 11.18 years) and moderately symptomatic (mean Positive and Negative Syndrome Scale [PANSS] total scores: 56.22 6 12.40) . Most schizophrenia patients were medicated at the time of testing with a mean dose in chlorpromazine equivalent: 589.06 mg 6 350.53. Two patients were not taking antipsychotic medication. Patients had significantly fewer years of education (P = .003) and lower estimated verbal Intelligence Quotient (IQ) (P < .001), as measured by the North American Adult Reading Test 38 than control subjects.
Apparatus and Stimuli
The stimuli were presented on a personal computer using E-Prime software (version 2.0) (Psychology Software Tools, Inc., Pittsburg, PA), and subjects viewed images on a 17-inch liquid crystal display external monitor. Stimuli included 30 color photographs of houses sized to 190 3 142 pixels and 120 color photographs of faces (60 male and 60 female), centered by the bridge of the nose, sized to 142 3 190 pixels. All face and house images were gathered from online picture databases.
Experimental Task
During training, subjects received explicit training on 3 sets of paired stimuli (figure 1). Subjects completed 4 study-test sessions with house-face pairs (premise pairs H-F1 and H-F2). During study, subjects were instructed to learn 30 house-face pairings, presented for 4 seconds each. A self-paced forced-choice test followed each study session. For H-F1 pairs, subjects were instructed to pick 1 of 2 houses, of equal familiarity, that matched the target face, and for H-F2 pairs, subjects picked 1 of 2 faces of equal familiarity that matched the target house. Subjects received 4 study-test sessions with the first set of houseface pairs (H-F1) followed by identical training with the second set of house-face pairs (H-F2) consisting of the original set of houses paired with a new face of opposite gender. Each house had 2 associated faces (1 male and 1 female). The last part of training consisted of 1 study-test session, in the same manner as before, with a set of novel face-face pairings (F3-F4). Training of the F3-F4 pairs was limited to 1 block, in order to keep accuracy below the ceiling levels of performance, expected for the highly practiced face-house pairs. During test, the previously seen F3-F4 pairs served as a comparison for the novel F1-F2 pairs (see below).
Immediately following the completion of training for all series, subjects were tested on the 3 sets of explicitly trained pairs (H-F1, H-F2, and F3-F4) and a novel set of 30 face-face pairs (F1-F2) (figure 1). The novel faceface set was constructed from the faces of the premise pairs. The correct pair could only be inferred through overlapping representations that included the same house. However, subjects were not explicitly told how to solve the inference pairs, they were only told to pick the matching face. The test was self-paced forced-choice, and pairs were presented in pseudorandom blocks with 6 Impaired Associative Inference in Schizophrenia trials each. The order of blocks ensured that inferential pairs (F1-F2) were shown prior to the corresponding premise pairs, to eliminate possible learning during test.
Statistical Analysis
We used repeated measures ANOVA to test for (1) effects of group (between-subject) as well as block and pair type on accuracy during training, (2) effects of group and face type on accuracy during test for house-face pairs, (3) effects of group and face-face pair types (relational vs nonrelational) on accuracy-the crucial comparison, and (4) same effects as in (2-3) on reaction time.
Results
Accuracy During Training
We determined a priori that each study sample should include at least 35 subjects who can meet the accuracy criterion during training. To achieve this goal, we needed to recruit a substantially larger number of subjects, ie, 38 healthy control subjects and 61 schizophrenia subjects. Figure 2 displays the accuracy scores during training for those subjects who did achieve the training criterion (n = 36 control subjects and 37 schizophrenia patients) and the schizophrenia subjects who did not achieve the training criterion (n = 24 or 39% of the schizophrenia cohort). Only 2 healthy control subjects did not achieve the training criterion (representing 5% of the control cohort). The 73 subjects who did achieve the training criterion became more accurate throughout the 4 blocks of training (main effect of block: F(3, 71) = 165.38, P < .001) and were more accurate in learning the second set of house-face pairs (H-F2) (main effect of pair type: F(1, 71) = 20.32, P < .001). Overall, healthy control subjects were more accurate than patients (main effect of group: F(1, 71) = 17.34, P < .001). We also found a block by group interaction (F (3, 71) = 7.35, P < .001), reflecting a significant difference between the 2 groups in the slope of the learning curve. 
Accuracy During Test
All subjects who achieved the training criterion were examined for their ability to correctly identify the 2 previously learned house-face pairs (H-F1 and H-F2), the previously learned nonrelational face-face pair (F3-F4), and the novel relational pair (F1-F2) ( figure 3 ). Healthy control subjects were more accurate than the subjects with schizophrenia in recalling the previously learned house-face pairs during test (main effect of group: F(1, 71) = 18.38, P < .001), and both groups were more accurate in correctly identifying the more recently learned pair (H-F2) (main effect of pair type: F(1, 71) = 71.03, P < .001) ( figure 2) .
Overall, healthy control subjects were more accurate than patients in identifying both types of the faceface pairs (main effect of group: F(1, 71) = 34.54, P < .001) and performance was higher for F1-F2 pairs than F3-F4 pairs (main effect of pair type: F (1, 71) = 10.61, P < .01) ( figure 3 ). The healthy control subjects were more accurate in correctly matching the novel relational (F1-F2) than the previously seen nonrelational (F3-F4) pairs (mean 6 SD (F1-F2) = 76.02 6 18.84, mean 6 SD (F3-F4) = 63.06 6 11.80; paired sample ttest; t (35) = 3.94, P < .001, Cohen's d = 0.82). We will refer to this difference in accuracy as the relational memory effect. The schizophrenia patients did not show To explore in more detail the relational memory effect, we plotted the accuracy differences between (F1-F2) and (F3-F4) face-face pairs for each subject. The majority of control subjects (25 of 36) but less than half of schizophrenia patients (18 of 37) achieved a higher accuracy on the relational (F1-F2) pairs (figure 4). Using binomial statistics, we identified all subjects who were more accurate on the relational pairs. The cumulative binomial probability of scoring 66.67% correct or higher on this task is .049 (n = 30, P = .5); therefore, this score was used as the cut off for greater than chance performance. Of all the subjects with a positive accuracy difference, 24 of the 25 healthy control subjects but only 10 of the 18 schizophrenia subjects were considered to have achieved greater than chance relational memory performance.
Response Latency During Test
We analyzed response latencies for correct trials only. The response latency was longer for relational pairs (F1-F2) (main effect of condition: F(1, 71) = 57.79, Fig. 4 . Accuracy Differential for Relational (F1-F2) vs Nonrelational (F3-F4) Pairs for HC and Schizophrenia Subjects. Red bars indicate subjects who achieved greater than chance performance ( ‡66.67%) on the relational condition. P < .001). Overall, response latencies did not differ between groups (main effect of group: F(1, 71) = 0.88, P = .35), but we found a significant group by condition interaction (F(1, 71) = 5.05,P < .05), driven by nonsignificantly slower responses to relational pairs (t (71) = 1.51, P = .14) and faster responses to nonrelational pairs in healthy control subjects (t (71) = 0.10, P = .92).
Predictors of Performance
The schizophrenia group who did not achieve the training criterion was more cognitively impaired and more symptomatic than the schizophrenia group who successfully learned during training, as assessed by the PANSS general and total scores (table 1). In addition, the 10 schizophrenia subjects with greater than chance relational memory performance demonstrated significantly better working memory ability, as measured by the SCIP, than the 27 subjects with poor relational memory performance (t (34) = 2.5, P = .018).
Discussion
This study of relational memory in schizophrenia is, to the best of our knowledge, the first report of the AIP in a clinical population. There were 3 major findings. First, the published version of the AIP, suggested by the CNTRICS initiative for the study of relational memory in schizophrenia, 33 has limited feasibility due to high attrition of subjects in the training phase. Second, the patients with schizophrenia who completed training at the a priori criterion for accuracy on the premise pairs did show the hypothesized relational memory deficit: healthy subjects were more accurate in identifying novel relational pairs compared with previously studied nonrelational pairs, but the schizophrenia patients were not. Third, while the schizophrenia sample as a whole showed a relational memory deficit, a subset of patients did benefit from the relational binding acquired during training and showed normal relational memory performance.
Our study provides a good example for the challenge of translating cognitive paradigms for schizophrenia research. 34 In our study, nearly half of the patients were unable to meet the training criterion. The subjects who were able to learn the face-house pairs sufficiently well showed significant increases in accuracy during the 4 training blocks. In contrast, the patients who did not learn up to criterion did not benefit from the repeated presentation of the face-house pairs during training, resulting in flat learning curves (figure 2). As sufficient learning of the paired associates is necessary to reliably evaluate relational memory, these patients could not be tested on the cognitive process of interest, ie, the reactivation and flexible use of representations during retrieval. Even though we are unable to comment further on the nature of their memory deficits, the SCIP data (ta-ble 1) indicates that this group did exhibit global cognitive impairments compared with the schizophrenia group who did reach the training criterion, including deficits on tasks of immediate and delayed item memory. The poor learners of the AIP in the schizophrenia group also had lower levels of subject and parental education and were more symptomatic than patients who were able to achieve the training criterion. Future studies of relational memory in schizophrenia should explore variants of the current paradigm in order to increase the feasibility of the AIP. Such attempts should focus on decreasing (1) the total number of face-house pairs to learn and (2) the number of face-house pairs to be learned before testing of relational memory with novel face-face pairs. This needs to be weighed against other parameters, such as the number of trials needed to perform event-related neuroimaging or pharmacological studies. Finally, as subjects were not explictly told how to complete the inference pairs, it is likely that the problem-solving demand contributed to the lower performance of the schizophrenia group. It would be helpful to test whether explict directions for the inference condition would improve inferential performance in schizophrenia subjects. But even improved versions of the current AIP will pose challenges for those who want to use it as an outcome measure for clinical trials because of the long administration time (roughly 75 min) and the implicit nature of the inference task, which is not explicitly stated in the task instructions. Because this is the first study to test the AIP with a clinical population, test-retest reliability is also not known.
Despite the high attrition of patients during the test phase, our results support the hypothesis that relational memory is impaired in schizophrenia. For all test trials, the accurate and inaccurate choice items were equally familiar. For novel inferential pairs (F1-F2), participants must flexibly retrieve the overlapping representations of the previously studied H-F1 and H-F2 pairs. Such flexible, yet accurate, associative inference decisions are the core cognitive mechanism that we attempted to study in our patient sample. We found that the relational memory effect, ie, greater accuracy on (F1-F2) vs (F3-F4) pairs, is significantly decreased in schizophrenia. This adds the AIP to the already existing experimental paradigms that have demonstrated relational memory deficits in schizophrenia. 15, 16, [39] [40] [41] [42] The schizophrenia group was not uniformly impaired on the associative inference task. Ten patients with schizophrenia completed all components of the task, including the relational F1-F2 condition. Similar heterogeneity of schizophrenia samples during the performance of memory tasks has been described by others. 39, 43 We found better working memory performance in those schizophrenia patients who performed well on the AIP. It is tempting to speculate that normal AIP performance in schizophrenia indicates normal prefrontal-hippocampal connectivity, whereas abnormal AIP performance indicates dysfunction in this circuitry. This needs to be explored in future studies.
In addition to the limited generalizability of our findings because of high attrition during training, our study has the additional limitation that all but 2 patients were treated with antipsychotic medication. While we cannot exclude the possibility that relational memory deficits are related to the pharmacological treatment, it is more likely that unmedicated patients would have performed worse during training, limiting feasibility even more. This is supported by previous studies, demonstrating that antipsychotic medication improves, not impairs, memory performance in schizophrenia, and by our own finding, that more clinically ill patients performed worse during training. [44] [45] [46] [47] [48] [49] However, future studies investigating the AIP in schizophrenia should include first-episode and unmedicated patients.
In conclusion, we examined the integrity of relational memory in schizophrenia using the AIP. While we were able to confirm the hypothesis of a relational memory deficit in schizophrenia, additional work is required to adapt the current version of the AIP for neuroimaging and pharmacological studies in patients with schizophrenia.
